Previous studies have indicated that acute reductions in glomerular filtration rate (GFR), during loading with nonreabsorbable solute, increase the fraction of the filtered sodium load reabsorbed (1-3). The renal tubular sites at which this enhanced reabsorption develops have not been elucidated. Recent studies from this laboratory in which mannitol loads were administered to salt-depleted subjects with modest reductions in GFR suggested that sodium reabsorption was enhanced within the proximal tubule (4). However, it was not possible to determine whether renal hemodynamics or other, perhaps hormonal, factors were responsible for the increased reabsorption at this site. The present studies were designed to evaluate the specific effects of a reduction in GFR produced by renal arterial constriction on tubular sodium reabsorption. We propose that renal arterial constriction during loading with nonreabsorbable solute provokes an enhanced reabsorption of sodium, in large part within the proximal tubule.
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to maintain adequate blood levels was infused with a Bowman constant infusion pump. These substances were administered in 0.45%o saline and in 0.9%o saline in the experiments performed under hydrated and hydropenic conditions, respectively. Aqueous vasopressin was also included in the constant infusion in studies performed in the hydropenic state and was administered at 50 mU per kg body weight per hour to insure sustained maximal antidiuresis.
One renal artery was approached retroperitoneally through a flank incision. An open Blalock clamp was positioned around the isolated vessel and secured in place by a multiangle brace. Catheters were introduced into the distal ureters through a mid-line suprapubic incision. Urine collections (10 to 20 minutes in duration) were obtained simultaneously from both kidneys throughout each study. Mid-point blood specimens were obtained at appropriate intervals. This protocol includes only those experiments in which there was less than a 10%o disparity in the rates of urine flow from the two kidneys.
Studies performed under hydrated conditions. Animals studied in the hydrated state received water ad libitum, but were deprived of food during the 24 hours before each experiment. Water hydration was induced with a 2.5%o glucose solution (six studies) or 1.25% glucose plus 0.2%o saline (one study) infused at 10 ml per minute until a load of approximately 50 ml water per kg body weight had been administered. After urine flow had increased and stabilized, two to three urine collection periods were obtained. The renal artery was then constricted until a stable reduction in urine flow of 40 to 70%o was produced in the experimental kidney. After one or two additional collection periods had been obtained, a 2.5%o mannitol solution (containing 0.2%o saline in one study and 0.15%o saline in another) was substituted for the glucose solution and administered at progressively increasing rates throughout the remainder of the experiment.
Studies performed under hydropenic conditions. Experiments were performed in animals that had been deprived of both food and water for 24 hours and had received 5 U vasopressin tannate in oil intramuscularly 14 hours before each study. A hypertonic mannitol solution was administered at approximately 4 ml per minute during the surgical procedure. Solutions contained 10%o mannitol and 0.3%o saline (four studies), 6% mannitol and 0.3%o saline (one study), and 10% mannitol without saline (three studies). After all surgery had been completed and urine flow stabilized (at approximately 2 ml per minute from each kidney) two to three collection periods were obtained. The renal artery was then constricted until a stable 30 to 50% reduction in urine flow was produced in the experimental kidney. Thereafter, the hypertonic mannitol solution was administered at progressively increasing rates throughout the study.
Urine and plasma specimens were analyzed for osmolality and sodium, potassium, chloride, inulin, and PAH concentrations by methods previously described from this laboratory (5) . The Figure 1 ). Thereafter, during the course of the increasing osmotic diuresis UN.V and UNOV/filtered sodium rose appreciably on the control side, whereas these parameters increased only slightly on the constricted side (Tables I to III, Figure 1 ). In addition, after renal arterial constriction the fraction of urinary solute composed of sodium (UNa/Uo0m) 1 decreased and re-'The net transtubular sodium concentration gradient established by the kidney may be expressed as PN0 -UNS. mained lower in the constricted kidney throughout In every experiment this reduction in potassium the osmotic diuresis (Tables I to III, Figure 1 ). excretion was proportionately greater than the fall After constriction potassium excretion decreased in filtered sodium ( Figure 2 ).-in the experimental kidney (Tables I to III) .
After water hydration renal arterial constriction
In the present studies the plasma sodium concentration in resulted in a prompt fall in CH1O in the experieach collection period was identical for both kidneys. mental kidney (Tables I and II, Figure 3 ). In Therefore, the urinary sodium concentration obtained si-several studies this decrease in CH2O was not assomultaneously from both kidneys may be utilized to com-ciated with distinct differences in GFR between pare the transtubular sodium concentration gradient the two kidneys (Table II) . During the course established by each kidney. Variations in sodium concen-. . . o tration resulting solely from differences in water reabsorp-oth subsequt osmotc diuresis C Orosei tion in the two kidneys may be eliminated by factoring both kidneys, but in each collection period reurinary sodium concentration by total urinary osmolality. mained lower on the constricted side (Tables I   TABLE III Typical experiment performed under hydropenic conditions* UNav Inulin Filtered Na and II, Figure 3) . In all studies CHO/GFR plus CNa/GFR fell immediately after renal arterial constriction and, during the course of the osmotic diuresis, rose more slowly on the constricted side ( Figure 3 ). Although-CHIo rose linearly as COSm increased in both kidneys, CH,' per Cosm remained consistently lower in the constricted kidney (Figure 4) . Similar findings were obtained when CH2o/GFR was plotted against Cosm/GFR 2 (Figure 4) . 2 Since GFR was generally lower on the constricted side, it is apparent that at every level of Comm the fraction of the filtered solute load appearing in the urine was appreciably greater on the constricted side. Factoring Comm by GFR permits a comparison of the two kidneys at equivalent levels of fractional solute excretion. However, in the presence of a reduction in GFR, it may also be inappropriate to compare absolute levels of CH0o per level of Cosm/GFR. Therefore, CH2o has also been factored by GFR. In the studies performed under hydropenic conditions, TCHIO in the control kidney rose to maximal levels, plateaued, and often fell toward CH20 as the osmotic diuresis increased (Table III, Figure 5 ). After constriction of the renal artery, TCHIO fell in the constricted kidney and in each collection period during the osmotic diuresis remained lower on the constricted side (Table III, Figure 5 ). Furthermore, immediately after constriction TCH2o/GFR fell in the experimental kidney ( Figure 5 ). During the subsequent diuresis, TCHo/GFR increased in both kidneys; however, this parameter continued to rise in the constricted kidney after maximal levels had been obtained in the control kidney ( Figure 5 ). with mannitol in several studies in order to prevent a profound fall in plasma sodium concentration (6) . The addition of saline did not qualitatively alter the results.
Discussion
After unilateral renal arterial constriction, UNaV, UNaV/filtered sodium, and UNa/Uosm decreased EXP #8 sharply in the experimental kidney (Tables I to  III , Figure 1 ). Thereafter, during mannitol loading, these parameters could be increased only slightly in the constricted kidney (Tables I to III constricted side. Furthermore, despite a progressive rise (increments several times the original) in the concentration of mannitol in the glomerular filtrate the enhanced capacity for sodium reabsorption could not be overcome on the constricted side ( Figure 1 ).
Numerous studies have suggested that CH20
depends on the rate of transport of absorbable solute (sodium) without water at the ascending limb of the loop of Henle and distal tubule. In this context, the rise in CH2O associated with an increasing solute diuresis has been attributed to increasing rates of distal sodium supply and transport (7). Alternatively, it has also been proposed that the rise in CH2O during mannitol loading may be related, in part, to a progressive decrease in the back diffusion of water at distal sites as the rate of excretion of nonreabsorbable solute increases (8) . In this view, the reduction in CHO in the present studies may have resulted solely from increased back diffusion of water as a consequence of the reduced rate of solute excretion on the constricted side. At every level of COsm, however, CH2O was consistently lower in the constricted kidney (Figure 4 ). Moreover, at every level of fractional solute excretion, the fraction of the filtered water load "freed" was also lower on the constricted side ( Figure 4 ). These findings suggest that the reduction in CHO after renal arterial constriction could not be explained entirely by enhanced back diffusion of water in the experimental kidney. We propose, therefore, that the reduced CH2O in the constricted kidney was consequent to a decreased supply and transport of sodium at distal water clearing sites.
Since CH2O is a reflection of distal sodium transport, CH2o/GFR may be utilized as an index of the fraction of the filtered sodium load reabsorbed in the distal tubule. The sum of CHO/GFR and CNa/GFR may provide an indirect index of the fraction of the filtered sodium load reaching the ascending limb. Insofar as these assumptions are correct, the finding that CH2o/GFR plus CNa/GFR fell after renal arterial constriction (Figure 3) implies that the fraction of the filtered sodium load reaching distal sites was reduced in the constricted kidney. The lower CHIO noted on the experimental side in several studies in which there were no distinct differences in GFR between the two kidneys (Table II) the renal artery reduced fractional distal sodium supply. It may be concluded, therefore, that the fraction of the filtered sodium load reabsorbed in the proximal tubule was increased after renal arterial constriction. Furthermore, despite identical concentrations of mannitol (or sodium) in the filtrate of both kidneys at any point in time, fractional distal sodium supply rose more slowly on the constricted side as the mannitol load was increased ( Figure 3 ). For example, in experiment 13 (Figure 3 ), the index of fractional distal sodium supply increased from 10%o to 18% on the control side while this index remained at approximately 4%o on the constricted side. Thus, the enhanced fractional proximal sodium reabsorption appears to have blunted the capacity for mannitol to increase distal sodium supply in the constricted kidney.
During loading with nonreabsorbable solute, proximal fractional sodium reabsorption decreases as a result of a limiting sodium concentration gradient between proximal tubular fluid and plasma (9, 10) . Under these conditions, enhanced fractional sodium reabsorption in the proximal tubule implies an increase in the transtubular sodium concentration gradient established at this site. Thus, during mannitol loading, constriction of the renal artery would lower the concentration of sodium reaching the ascending limb. The lower UNa/Uosm found on the constricted side (Tables I to III, Figure 1 ) may, therefore, reflect a process that develops, in part, within the proximal tubule.
Data from studies performed under hydropenic conditions were analyzed in a similar manner and found to be entirely consistent with the conclusions derived from the hydrated studies. After renal arterial constriction, TCH2O fell and in each collection period thereafter remained lower on the constricted side (Table III, Figure 5 ). Insofar as TCH20 represents an indirect index of ascending limb sodium supply and transport (4, 11, 12) , these data suggest that constriction of the renal artery decreased sodium supply and transport at this site. Since TcH20/GFR also fell after renal arterial constriction ( Figure 5 ), it would appear that the fraction of the filtered sodium load reaching the ascending limb and transported at this site was reduced on the experimental side. Thus, studies performed in the hydropenic state also suggest that constriction of the renal artery during mannitol loading increases the fraction of the filtered load reabsorbed in the proximal tubule.
Recent studies have implied that the plateau and subsequent fall in TCH2O, occurring at high levels of CoSm, may represent a failure of distal tubular fluid to reattain isotonicity (13, 14) . This failure to reattain isotonicity may depend in part on the rate of sodium transport at the ascending limb and the resulting quantity of hypotonic fluid formed at this site. In this context, ascending limb sodium transport would be greater during the plateau (or subsequent fall) in TCH2O than during the initial rise in TCH2O. Therefore, the finding that TCH20
and TCH2o/GFR continued to rise on the constricted side, after a plateau had been obtained on the control side ( Figure 5 ), also implies that ascending limb sodium supply and transport increased more slowly in the constricted kidney. Thus, the data obtained in studies performed in the hydropenic state appear to be consistent with the proposal that constriction of the renal artery, during loading with nonreabsorbable solute, increases the gradient against which sodium can be reabsorbed in the proximal tubule. Available evidence suggests that potassium excretion depends in large part on the rate at which sodium is presented to the Na:K exchange site in the late distal tubule and collecting duct (15, 16) . The finding that UKV fell proportionately more than the filtered load of sodium (Figure 2 ) is, therefore, also consistent with enhanced sodium reabsorption at a locus proximal to the Na: K exchange site.
In our studies we have asumed that CH2o, CH2O plus CN., and TCH2O represent indexes of ascending limb sodium supply and transport. Insofar as these assumptions are valid, it would appear that constriction of the renal artery during mannitol loading enhances the sodium reabsorptive gradient, to a considerable extent, within the proximal tubule. However, the present data do not exclude the possibility that the gradient for sodium reabsorption was also enhanced at distal tubular sites.
Since the effects of renal arterial constriction were noted only in the experimental kidney, it would appear that the changes in tubular function could not be ascribed to the effects of a circulating hormone. It seems, therefore, that the enhanced sodium reabsorption was consequent to an alteration in renal hemodynamics provoked by constric-tion of the renal artery. Although GFR was generally reduced after constriction (Tables I and  III) , enhanced reabsorption was also noted when there was no measurable reduction in GFR on the constricted side (Table II) . Thus, some other hemodynamic factor or factors may also be responsible for the alteration in tubular function. Renal arterial constriction may have altered the relative distribution of blood flow between cortical and juxtamedullary glomeruli. However, the effects of such a redistribution of intrarenal blood flow on sodium transport could not be evaluated in the present studies.
On the basis of clearance and micropuncture studies it has been suggested that constriction of the renal artery with consequent reductions in GFR does not affect fractional sodium reabsorption in the proximal tubule (5, 17, 18) . These conclusions were based on experiments performed in the hydropenic state during modest saline diureses in dogs (5, 17) and in nondiuretic rats (18) . In contrast, the present studies suggest that renal arterial constriction, during loading with nonreabsorbable solute or after water hydration, enhances fractional sodium reabsorption within the proximal tubule. It may be possible to reconcile these apparently discrepant conclusions by analyzing the characteristics of proximal tubular sodium reabsorption before renal arterial constriction under each experimental condition. During control (nondiuretic) conditions (9, 10, 19) and saline diureses (9, 19) , proximal reabsorption is not limited by a measurable sodium concentration gradient between proximal tubular fluid and plasma. However, during loading with nonreabsorbable solute, proximal reabsorption is diminished as a consequence of a limiting transtubular sodium concentration gradient established by the proximal tubule (9, 10) . In addition, recent micropuncture studies in dog have suggested that the state of hydration, in the absence of mannitol, may also decrease fractional sodium reabsorption in the proximal tubule (20) . It may be conjectured, therefore, that constriction of the renal artery may enhance proximal fractional sodium reabsorption when proximal reabsorption is first diminished by a limiting gradient, as develops during mannitol loading, or by some unknown mechanism, as in the state of hydration. Summary One renal artery was constricted in dogs during a water diuresis (hydrated studies) and during a modest mannitol diuresis (hydropenic studies). Thereafter, an increasing mannitol diuresis was induced in both groups of studies. Associated with the constriction, fractional sodium excretion and urinary sodium concentration decreased ap--preciably in the experimental kidney. It was concluded that constriction of the renal artery increased the gradient against which sodium could be reabsorbed in the experimental kidney. Moreover, despite progressive increments in the mannitol load, it was not possible to overcome this enhanced capacity for sodium reabsorption. These changes in tubular function could not be ascribed solely to the effects of a circulating hormone, but appeared to be related specifically to the alteration in renal hemodynamics.
In the experiments performed in the hydrated state, free water clearance was utilized as an index of the rate of distal sodium transport, and free water clearance/glomerular filtration rate (CH20/ GFR) plus CNa/GFR served as an index of the fraction of the filtered sodium load reaching the ascending limb. After renal arterial constriction CH2o and CH2o/GFR plus CNa/GFR decreased sharply and, as the mannitol load was increased, rose more slowly on the constricted side. Furthermore, free water clearance/solute clearance was consistently lower in the constricted kidney. We propose that after water hydration and during an osmotic diuresis renal arterial constriction enhances the capacity for sodium reabsorption, in part within the proximal tubule. Data on free water reabsorption obtained in the studies performed in the hydropenic state, as well as all potassium excretion data, were entirely consistent with this hypothesis.
